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A CP-odd observable has been proposed by He and collaborators to test the CP conservation in J/ψ →
ΛΛ¯ and its expectation value can be used to determine the electric dipole moment of Λ [X.G. He, J.P.
Ma, B. McKellar, Phys. Rev. D 47 (1993) R1744; X.G. He, J.P. Ma, B. McKellar, Phys. Rev. D 49 (1994) 4548].
Instead of measuring the expectation value of the CP-odd observable directly, we proposed an indirect
method which can signiﬁcantly improve the statistical sensitivity. With this improved method, Monte
Carlo studies show that an expected upper limit of 0.4 × 10−16 e cm on the electric dipole moment of
Λ can be obtained based on 104 fully reconstructed J/ψ → ΛΛ¯, Λ → pπ−, Λ¯ → p¯π+ events. This
expected upper limit is about a factor 4 smaller than the one obtained from the direct experimental
search to date. The result suggests an unprecedented experimental sensitivity on detecting the electric
dipole moment of Λ could be reached even with the data sample already collected by BESII.
© 2009 Elsevier B.V. Open access under CC BY license. 1. Introduction
It has been pointed out [1,2] that J/ψ → ΛΛ¯ could be an ideal
place to search for CP violation generated by physics beyond the
Standard Model. For this purpose, a CP-odd and CPT-even observ-
able
B = Pˆ · (qˆ1 × qˆ2) (1)
was proposed, where Pˆ is the direction of the momentum of Λ
and qˆ1,2 are the directions of the momenta of p and p¯ in the rest
frames of Λ and Λ¯ respectively.
The expectation value of the observable, 〈B〉, is zero if CP is
conserved. Since only strong and electromagnetic interactions in-
volved in J/ψ → ΛΛ¯, a non-zero observation of 〈B〉 may indicate
new physics beyond the Standard Model. Furthermore, if the elec-
tric dipole moment (EDM) of Λ, dΛ , is the only source of CP
violation in the decay,∣∣〈B〉∣∣= 3.2× 10−3dΛ/(10−16 e cm), (2)
or∣∣〈B〉∣∣= 7.1× 10−3dΛ/(10−16 e cm) (3)
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of 〈B〉 may be used to determine the value of dΛ .
The upper limit of dΛ obtained by the direct measurement [3,
4] is 1.5 × 10−16 e cm. The alternative approach proposed above,
beneﬁted from the large J/ψ sample already collected at BESII and
even larger sample to be collected at BESIII, may greatly improve
the experimental sensitivity to dΛ .
The measurement of 〈B〉, on the one hand, could be straightfor-
ward in an experiment. If N decays are reconstructed, the expec-
tation value of B is estimated to be
〈B〉direct ≡ 1N
N∑
i=1
Bi . (4)
Bi denotes the measurement of B according to Eq. (1) from the ith
event.
On the other hand as given in Section 3, 〈B〉 can be obtained
from
〈B〉ﬁt = f
({ξ}). (5)
Here f is a known functional and {ξ} denotes a set of parameters
which describe the full angular distribution of J/ψ → ΛΛ¯, Λ →
pπ− , Λ¯ → p¯π+ . By analyzing the full angular distribution, one
can ﬁrstly get {ξ} and estimate 〈B〉 afterwards. Hereafter this way
of measuring 〈B〉 will be referred as “indirect method” and the one
according to Eq. (4) as “direct method”.
Though for a given experiment 〈B〉direct and 〈B〉ﬁt are measured
from the same data sample and are statistically correlated, the ex-
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One has the freedom to choose the one with better experimental
sensitivity. In addition, as they have different nature on systematic
uncertainties, 〈B〉direct and 〈B〉ﬁt may also be used to perform cross
checks for experimentalists.
In this Letter, the statistical sensitivity of 〈B〉direct and 〈B〉ﬁt for
measuring dΛ will be explored based on BESII statistics. The Let-
ter is organized as follows: after this introduction, the formula that
describes the full angular distribution of the cascade decay is given
in Section 2. The explicit expression of 〈B〉ﬁt is deduced in Sec-
tion 3, where the expected statistical sensitivities on dΛ obtained
by Monte Carlo simulations are also presented. The last section is
devoted to some discussions and a brief conclusion.
2. The full angular distribution
For the cascade decay J/ψ → ΛΛ¯, Λ → pπ− , Λ¯ → p¯π+ , Pˆ
and qˆ1,2 are actually the only independent experimental observ-
ables given the fact that polarizations of the ﬁnal state particles
are not measured experimentally and Λ,Λ¯ are approximately on
mass shell. The differential cross section can be expressed as
dσ
dΩ dΩ1 dΩ2
∝
∑
Mλpλp¯
∣∣∣∣∑
λ1λ2
TMλ1λ2(Θ,Φ)tλ1λp (θ1, φ1)t¯λ2λp¯ (θ2, φ2)
∣∣∣∣
2
, (6)
where M , λ1, λ2, λp , λp¯ denote respectively the helicities of J/ψ ,
Λ, Λ¯, p and p¯; T is the decay amplitude of J/ψ → ΛΛ¯. Θ , Φ are
emission angles of Λ versus e+ beam direction zˆ. The arbitrariness
still left for the deﬁnition of Φ will not affect the ﬁnal result since
the full angular distribution is independent of Φ; t(t¯) is the decay
amplitude of Λ → pπ−(Λ¯ → p¯π+), and θ1, φ1(θ2, φ2), measured
in Λ(Λ¯) rest frame, are polar and azimuth angles of p(p¯) versus
Λ(Λ¯) momentum direction pˆΛ(pˆΛ = −pˆΛ¯ = Pˆ). The arbitrariness
in φ1(φ2) deﬁnition is further removed by choosing pˆΛ × zˆ (pˆΛ¯ × zˆ)
as x-axis.
Adopting the phase convention given in [5], the decay ampli-
tude of J/ψ → ΛΛ¯ in the helicity formalism is expressed as
TMλ1λ2(Θ,Φ) = αλ1λ2D1∗Mλ1−λ2(Φ,Θ,0). (7)
Here D Jmm′ (α,β,γ ) is the standard rotation matrix element and
αλ1λ2 = 〈 JMλ1λ2|S J/ψ | JM〉. (8)
The transition matrix S J/ψ governs J/ψ decays. The state vec-
tor | JM〉 denotes a J/ψ helicity state with J = 1, M = ±1, and
| JMλ1λ2〉 the angular momentum eigenstate formed by Λ and Λ¯
with given helicities λ1,2. Due to rotation invariance, αλ1λ2 is inde-
pendent of M .
Similarly the amplitudes for secondary decays can be expressed
as
tλ1λp = βλp D
1
2 ∗
λ1λp
(φ1, θ1,0) (9)
for Λ → pπ− and
t¯λ2λp¯ = β¯λp¯ D
1
2 ∗
λ2λp¯
(φ2, θ2,0) (10)
for Λ¯ → p¯π+ . Again βλp (β¯λp¯ ) is independent of λ1(λ2) due to ro-
tation invariance.
Substituting Eqs. (7), (9), (10) into Eq. (6), and using the relation
D Jmm′(α,β,γ ) = e−imαd Jmm′(β)e−im
′γ (11)
the full angular distribution readsdσ
dΩdΩ1dΩ2
∝ F(Θ,Φ; θ1, φ1; θ2, φ2)
≡
∑
Mλpλp¯
|βλp |2|β¯λp¯ |2
∑
λ1λ2λ
′
1λ
′
2
αλ1λ2α
∗
λ′1λ′2
× ei[(λ1−λ′1)φ1+(λ2−λ′2)φ2]d1Mλ1−λ2(Θ)d1Mλ′1−λ′2(Θ)
× d
1
2
λ1λp
(θ1)d
1
2
λ′1λp
(θ1)d
1
2
λ2λp¯
(θ2)d
1
2
λ′2λp¯
(θ2), (12)
where the explicit expression of d Jmm′ (β) can be found, for exam-
ple, in Ref. [3]. One can see that the expression given above is
completely independent of Φ as physically it should be.
In general, αλ1λ2 and βλp , β¯λp¯ are complex numbers. CPT in-
variance in J/ψ → ΛΛ¯, i.e. (CPT)−1S J/ψ (CPT) = S+J/ψ , implies
αλ1λ2 = α∗−λ2−λ1 . (13)
Since electric dipole moment respects C symmetry (but violates P
and T symmetries), one has
αλ1λ2 = αλ2λ1 . (14)
Then αλ1λ2 , up to an overall normalization factor, can be re-
parameterized as
α 1
2
1
2
= ei η2 , α− 12− 12 = e
−i η2 ,
α 1
2− 12 = α− 12 12 =
√
2(1+ α)
1− α , (15)
where η,α are real, and |α| < 1. The angular distribution of
J/ψ → ΛΛ¯ can be obtained [6], by integrating out θ1, φ1, θ2, φ2
in Eq. (12), to be
dσ
dΩ
∝ 1+ α cos2Θ, (16)
where α = 0.65± 0.11 (stat)± 0.03 (syst) has been obtained by the
experimental measurement [7].
Since only |βλp |, |β¯λp¯ | terms appeared in Eq. (12), βλp and β¯λp¯
may be chosen as real numbers and up to overall normalization
factors be re-parameterized as
β 1
2
=√1+ β, β− 12 =
√
1− β,
β¯ 1
2
=
√
1− β¯, β¯− 12 =
√
1+ β¯ (17)
with β , β¯ are real and |β| < 1, |β¯| < 1. The angular distributions
for polarized Λ, Λ¯ decays can be written as
dΓ
dΩ1
∝ 1+ β cos θ1 forΛ → pπ−,
dΓ
dΩ2
∝ 1− β¯ cos θ2 for Λ¯ → p¯π+, (18)
where β ≈ β¯ = 0.642± 0.013 [3].
Assuming CPT and C symmetries and taking the parameters al-
ready measured in experiments into account, one can see that the
only free parameter left is η, which is the dynamical origin of the
CP violation in J/ψ → ΛΛ¯.
3. Determinations of dΛ
The observable B deﬁned in Eq. (1) can be expressed as
B = sin θ1 sin θ2 sin(φ2 + φ1). (19)
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one and the dashed line denotes the latter one.
Using the expression given in Eq. (12), one can relate the expecta-
tion value of B with the parameters that describe the full angular
distribution as
〈B〉 =
∫
B dΩ dΩ1 dΩ2 F(Θ,Φ; θ1, φ1; θ2, φ2)∫
dΩ dΩ1 dΩ2 F(Θ,Φ; θ1, φ1; θ2, φ2)
= 4
9
(
β21
2
− β2− 12
β21
2
+ β2− 12
)(
β¯21
2
− β¯2− 12
β¯21
2
+ β¯2− 12
)
×
Im(α 1
2
1
2
α∗− 12− 12
)
|α 1
2
1
2
|2 + |α− 12 12 |2 + |α 12− 12 |2 + |α− 12− 12 |2
= 2
9
(1− α)
(3+ α)ββ¯ sinη. (20)
The result given above, Eq. (20), is actually the explicit expres-
sion of 〈B〉ﬁt deﬁned in Eq. (5). Once the only free parameter η is
extracted by analyzing the full angular distribution obtained from
experiment data, the determination of 〈B〉ﬁt is straightforward.
Monte Carlo simulations are used to compare the expected sen-
sitivity of 〈B〉ﬁt, and 〈B〉direct according to Eq. (4). For this purpose,
events are generated according to Eq. (12). The input values of the
parameters are ﬁxed as
α = 0.65,
β = β¯ = 0.64,
η = 0. (21)
For each Monte Carlo experiment, N = 10000 events are gen-
erated which is roughly equal to number of events reconstructed
at BESII [7]. For the indirect method, at ﬁrst the parameter η is
obtained by maximizing the likelihood estimator
ln L =
N∑
i=1
ln
[ F(Θi,Φi; θ1i, φ1i; θ2i, φ2i)∫
dΩ dΩ1 dΩ2 F(Θ,Φ; θ1, φ1; θ2, φ2)
]
. (22)
Then 〈B〉ﬁt is calculated from Eq. (20).
The distributions of 〈B〉direct and 〈B〉ﬁt so obtained from 1000
Monte Carlo experiments are compared in Fig. 1. The root mean
squaresσ〈B〉direct = 4.48× 10−3 (23)
and
σ〈B〉ﬁt = 0.64× 10−3 (24)
represent the expected statistical errors for the two methods re-
spectively. Compared to the direct method, the result shows that
about a factor of 7 smaller statistical error on 〈B〉 can be achieved
by the indirect method. To further validate the indirect method,
other input values of η have been checked. The results show
that σ〈B〉direct is almost independent of the true values of η while
σ〈B〉ﬁt is decreased as |η| is increased. For example for η = π/4,
σ〈B〉direct = 4.49× 10−3 and σ〈B〉ﬁt = 0.43× 10−3.
Assuming no CP violation in the process, the result from indi-
rect method can be translated to an expected 95% conﬁdence level
upper limit on dΛ . To be conservative, Eq. (2) is used to get the
upper limit to be
dΛ < 0.4× 10−16 e cm. (25)
It is very interesting to see that this result, estimated according
to BESII statistics roughly, is already expected to improve the cur-
rent experiment result from the direct search [3,4], dΛ < 1.5 ×
10−16 e cm, signiﬁcantly.
In BESIII, one expects 106 reconstructed J/ψ → ΛΛ¯,Λ →
pπ−, Λ¯ → p¯π+ events in one year data taking. With the indirect
method proposed an experimental sensitivity of 10−18 e cm on dΛ
can be reached.
4. Discussions and conclusion
As an alternative approach, the detection of dΛ from J/ψ →
ΛΛ¯,Λ → pπ−, Λ¯ → p¯π+ decays is promising. Instead of measur-
ing the expectation value of the CP-odd observable directly, this
work shows that the statistical sensitivity of an experiment can be
further improved if the full angular distribution can be analyzed.
One may expect some interesting or even exciting results on this
topic from BESII and BESIII in the near future.
The similar discussion may also apply to other decay modes
such as J/ψ → Σ0Σ¯0, Ξ0Ξ¯0. The direct measurement of the EDM
may become diﬃcult due to the shorter lifetime of heavier hy-
peron. The approach proposed in [1,2] and improved by this work
is complementary.
To conclude, an indirect method following [1,2] has been pro-
posed in this Letter for determining the electric dipole moment of
Λ, and shown such a method can signiﬁcantly improve the statis-
tical sensitivity.
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